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EP 2 796 492 B1
Description

[0001] The presentinvention relates to a process for obtaining hierarchically ordered inorganic phosphate structures
on phyllosilicates, as well as to the use thereof as a flame retardant additive for polymers. The invention may therefore
fall within the field of flame retardant additives for polymers.

STATE OF THE ART

[0002] One characteristic of polymers is their relative flammability. Therefore, new approaches for improving this
behaviour are currently being sought, for example, by using flame retardants. Flame retardants thus improve the fire
resistance of the base material and prevent or reduce the production of toxic and/or corrosive gases during combustion.
In many cases, these formulations provide remarkable improvements in other properties of the polymer as well, including
mechanical or rheological improvements, thermal stabilisation, gas permeability, etc.

[0003] Retardants of very different nature exist on the market. Furthermore, actuation and fire protection mechanisms
also differ one from another. These mechanisms may involve, inter alia, forming a non-flammable soot layer on the
surface of the material. This layer of soot or carbonaceous residue plays a crucial role, preventing fuel gasses and
melted polymer from passing towards the flame and protecting the material against the thermal energy supply. However,
in order to obtain the desired requirements, using one particular type of retardant it is not generally enough. Different
agents are normally added in order to obtain synergistic behaviours, enhancing fire resistance. The most commonly
used retardants are halogenated compounds. However, numerous international directives and regulations restrict the
use thereof (EN 135501, CDP 89/106/EEC, EN 45545), since they generate noxious and toxic gases during combustion,
such as dioxins and furans [D. Santillo, P. Johnston., Environment International, September 2003, 725-734]. Amongst
conventional, non-harmful retardants, metal hydroxides, zinc borates, nitrogen compounds, phosphorus compounds,
special clays, etc., may be mentioned. In addition to the nature and structure of the retardant, another crucial aspect is
the dispersion of the agent within the matrix, which affects the final yield. One notable improvement in the flame retardant
properties has been demonstrated by increasing the reactivity of the retardant agents, as is the case when they are
submicrometric or nanometric sized, i.e., when they are smaller than 1 micron and preferably smaller than 100 nm.
However, the problems derived in the dispersion also increase when materials so finely divided are used, especially if
they are nanoparticled in nanometric sizes. Whilst different procedures are widely addressed in the specialised literature,
a procedure which efficiently enables the synergistic use of combinations of nanometric retardant agents is unknown in
the state of the art.

[0004] With respectto phosphorus compounds, they release a polymeric form of phosphoric acid during combustion,
causing the formation of the soot layer on the surface. There are many phosphorous retardants, including red phosphorus,
phosphonates, phosphinates, ammonium phosphate and aluminium phosphate. However, even though they promote
the formation of the protective layer, the mechanical properties thereof are not completely satisfactory, since they lack
a desirable consistency and often appear cracked. For example, Patent GB 1,485,828 claims the production of synthetic
resin foams with fire retardant properties, to which additives are added in order to improve, amongst other things, the
flame resistant properties, the phosphorus compounds being found amongst the great variety of substances for achieving
said end.

[0005] Phosphates are a family of compounds that have been known about for many years for their polymerisation
ability, being employed, amongst other applications, in residential construction. The use thereof as a binder in the ceramic
field, for example, for refractory materials is more than well-known and has given rise for many years to a multitude of
patents, including as: ceramic binder; additive for pigments (Patents ES 347.891, ES 385.956, ES 407.749, ES 417.124,
ES 2.000.396, EU 0.615.953); catalyst supports (Patents ES 2.001.762, ES 2.009.775, ES 2.091.973); sealing materials
(Patent EU 0.600.741) or protective coatings against corrosion (Patent ES 8.207.096).

[0006] In another aspect, the possibility of obtaining phosphates from, for example, metal cations, in the form of
nanoparticles with high reactivity, is widely known about in the state of the art. Nonetheless, the limitations of the art
found lie in the agglomeration state of the nanoparticles of the metal phosphates. Whilst obtaining nanoparticles of
various metal cations is possible by means of various methods, subsequent treatments are generally required in order
to reduce the agglomeration state, which is not sufficiently effective in some cases. As a result, these nanoparticled
metal phosphates are not suitably dispersed when they are incorporated into different systems, such as polymer matrices.
Heat treatments are also required to crystallise the metal phosphates and formation processes for the production of
compact materials.

[0007] In another aspect, one of the main disadvantages of some retardants is the fact that they require very high
concentrations so as to be efficient. For example, metal hydroxides - mainly Al(OH) 4 and Mg(OH), - require concentrations
of up to 50-75 % or even higher in some cases [F. Laoutid, L. Bonnaud, J.M. Lépez-Cuesta, Ph. Dubois. Materials
Science and Engineering, January 2009, 100-125], undermining some of the properties of the base material, such as
its mechanical properties. For example, Patent GB 2,436,395 deals with obtaining a conductive wire with two protective



10

15

20

25

30

35

40

45

50

55

EP 2 796 492 B1

coatings, wherein the first comprises a material formed by a mixture of polymer and flame resistant agents, including
Al(OH)5; and Mg(OH),. In said layer, the concentration of heat resistant filler is between 65 and 99 % by weight.
[0008] Inrecentyears, formulations containing special clays, of the laminar and pseudo-laminar phyllosilicate varieties,
are being used more frequently as additives to improve the behaviour of polymers against fire, in combination with
conventional flame retardants. The use of these phyllosilicates inhibits or hinders combustion, since they modify the
thermal conductivity and viscosity of the resulting material. Phyllosilicates also improve the integrity of the soot layer.
Patent application GB 1565740A discloses processes for obtaining non-flammable inorganic foams made of metal salts
of phoshoric acid containing at least one polyvalent metal, that may comprise a broad selection of additives such as
kaolinite as reinforcing material, thus resulting in a continuous matrix of Al203-P205-H20, which may contain other
polyvalent metals such as Mg, Zn or Ca, having kaolinite particles dispersed on it. The use of phyllosilicate as fillers in
organic binders, as resins, to reduce smoldering potential and flammability, toghether with other types of phosphates,
such as ortophosphates or metaphosphates is disclosed in DE 19517501A1. WO 03/106547A2 teaches flame retardant
polyolefin compositions for semi-finished products, such as foams or films, and molded materials exhibiting a high flame
resistance with reduced corrosion, comprising charring-type catalysts of the ammonium polyphosphate and/or zinc
borate; expanding agents of the aminotriazine type; and scale-forming substances, that may further contain optionally
layered silicates wherein the expanding and/or scale-forming agents are completely or partially intercalated in the inter-
layers of the phyllosilicate.

[0009] A widely used laminar phyllosilicate is montmorillonite. This laminar clay is often incorporated in its organically
modified form, facilitating the compatibilisation of the hydrophilic surface of the phyllosilicate with the polymer matrix,
thus achieving the exfoliation and dispersion of the lamellae thereof. However, given the organic nature of the modifier,
the use of this additive is restricted to systems wherein high processing temperatures are not required, since they would
degrade the organic chains of the modifier. Patent Application GB 2,400,107 claims the production of a fire resistant
material from polyurethane foam by adding laminar silicates, preferably montmorillonite. Likewise, the patent discloses
the possibility of adding other retardants, including aluminium trioxide and ammonium polyphosphate.

[0010] Another type of special clay commonly used as filler is sepiolite, which may be used to improve the mechanical,
thermal and gas barrier properties of polymers. This clay belongs to the group of pseudo-laminar silicates, characterised
in that the shape of their particles is not laminar but acicular, in microfiber form, with an average length of 1 to 2 um.
The use of this clay as flame retardant additive in polymers with synergistic effects, along with other retardant agents
has also been described [T. Dhanushka Hapuarachchi, Ton Peijis. Composites Part A: Applied Science and Manufac-
turing, August 2010, 954-963].

[0011] The incorporation of relatively low amounts of clays, such as montmorillonite and sepiolite, may reduce the
required amount of other flame retardants, such as metal hydroxides, notably, in order to achieve similar fire retardant
results. However, despite the improvement made to these systems as a result of the synergy of both agents and the
fact that phyllosilicates improve the integrity of the soot layer, the performance of this generated protective layer remains
unsatisfactory. The main problem is that said barrier usually has a low mechanical strength.

DESCRIPTION OF THE INVENTION

[0012] The present invention achieves, in a simple, inexpensive and feasible way, the production of materials with
hierarchically ordered structures of inorganic phosphates on phyllosilicates. This kind of material, especially those based
on pseudo-laminar phyllosilicates such as sepiolite and attapulgite, make it possible to improve, in a remarkable and
unexpected manner, the behaviour of the flame and temperature, when incorporated into a polymer matrix. These
materials may be suitably incorporated and dispersed in these polymer matrices, in order to obtain a homogeneous
dispersion throughout the polymer, thus preventing the agglomeration thereof. Furthermore, upon increasing the tem-
perature as aresult of the fire, a polymerisation reaction giving rise to the formation of a more consistentand homogeneous
protecting barrier than the soot layers obtained from conventional flame retardants occurs. Consequently, the use of
these hierarchically ordered inorganic phosphate structures such as, for example, aluminium phosphate on phyllosilicates
and, in particular, on sepiolite or attapulgite, corrects the existing problem of the lack of rigidity and firmness of the
carbonaceous residue generated. As noted, the carbon acts as a protective barrier, limiting heat transfer within the
material, the volatilisation of the degradation products and the diffusion of the oxygen needed to produce and maintain
said combustion. However, with the current techniques, said layer lacks the adequate stability needed for optimal per-
formance. The product of the invention overcomes this disadvantage, since it generates an inorganic polymer during
the combustion period, the net of which gives rise to a protective layer with ceramifiable character, which has excellent
mechanical properties of rigidity and compactness, thus creating superb flame resistance.

[0013] Specifically, theinvention relates to a method for obtaining hierarchically ordered inorganic phosphate structures
on phyllosilicates. Said structures comprise an arrangement of submicrometric or even nanometric sized phosphates
of metal cations on phyllosilicates. These hierarchically ordered structures are obtained in powder form by the chemical
methods described herein.
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[0014] The present invention provides a method for obtaining nanoparticles of phosphates of metal cations using
phyllosilicate particles. The resulting product is a material wherein the nanoparticles of phosphates of metal cations are
hierarchically ordered on the phyllosilicate particles. Hierarchically ordered means that the smallest particles of phos-
phates of metal cations, of submicrometric or nanometric size, are supported by larger sized particles of the phyllosilicates.
The resulting product is obtained by means of a chemical process that comprises using at least one solution of the metal
cations, at least one suspension of the phyllosilicates and at least one precipitating agent of the metal cation. The
chemical process for preparing hierarchically ordered structures of inorganic phosphate particles homogenously depos-
ited on the surface of a phyllosilicate of the present invention comprises the following steps:

- a) obtaining an acid solution of the precursor compounds of an inorganic phosphate,

- b)preparing a dispersion of particles of a phyllosilicate in aqueous medium and acidifying the phyllosilicate dispersion
by adding an acid, thereby obtaining an acidic dispersion of the phyllosilicate,

- c¢)mixingthe acid solution obtained in step a) with the dispersion obtained in step b), thereby obtaining ahomogeneous
suspension, and

- d) with stirring, adding a base to the mixture obtained in step c) until the required pH value for precipitating the
corresponding inorganic phosphate on the phyllosilicate particles has been achieved, resulting in a hierarchically
ordered structure of submicrometric or nanometric inorganic phosphate particles, dispersed and supported on the
phyllosilicate surface.

[0015] In step a) the precursor compounds of the inorganic phosphate refer to precursor compounds of the phosphate
anion and precursor compounds of the inorganic cation, which must react with one another in order to produce the
corresponding phosphate. The precursor compound of the metal cation may be a compound of the hydroxide, carbonate
or oxide variety, amongst others.

[0016] The inorganic phosphate cation may be selected from the group comprised of Al, Zn, Cd, Fe, Sn, Mn, Ni, Co,
B, Sb, W, Mo, Zr, Cu, Ga, In, Be, Mg, Ca, Sr, Ba, NH,OH, Li, Na, K, Rb, Cs and mixtures thereof.

[0017] The acid solution of the precursor compounds of an inorganic phosphate may be obtained by dissolving the
precursor compound of the cation in an acid solution comprising at least phosphoric acid.

[0018] Alternatively, the acid solution of the precursor compounds of an inorganic phosphate according to step a),
may be obtained by means of:

a1l) preparing a solution or dispersion of a compound of the precursor cation of the inorganic phosphate, and
a2) adding an acid solution comprising at least phosphoric acid to the solution or dispersion prepared in step a1).

[0019] Subsequentto stepd), the hierarchically ordered structure may optionally be subjected to afiltering and washing
process.

[0020] The surface of the hierarchically ordered structure obtained by adding an organic modifier may optionally be
organo-functionalised.

[0021] The hierarchically ordered structure obtained may optionally be dried.

[0022] The hierarchically ordered structured obtained may optionally be ground or conditioned in powder form.
[0023] Depending on the characteristics sought in the product, the synthesis method used may be adapted to obtain
a wide range of powdery materials, which may be applied as a flame retardant agent. Therefore, for example, in order
to obtain aluminium dibasic phosphates, the phosphate is precipitated by adding an alkaline solution to the solution
obtained in step c), until a final pH of 10 is reached.

[0024] In the process for obtaining an aqueous solution of the metal cation may begin with a salt of said cation, for
example aluminium sulphate, amongst others, when obtaining aluminium phosphate, which dissolves in water by stirring
is desired. The solution is obtained by means of mechanical stirring using, for example, a paddle stirrer. Decreasing the
particle size of the salt of the metal cation promotes the corresponding dissolution process. The concentration of the
salt is within the range allowing complete dissolution thereof.

[0025] Optionally, according to the presentinvention, one variation of the process for obtaining the aqueous dissolution
consists in the use, according to step a1), of a dispersion in aqueous medium of particles of water-insoluble, but acid-
soluble compounds of metal cations such as, for example, aluminium hydroxide, amongst others. The solid precursors
for obtaining the particle dispersion may optionally be selected from hydroxides, carbonates, oxalates and even oxides
of the metal cations or mixtures thereof. In the present invention method, said precursors are dissolved in step a2) of
the process, by means of the subsequent addition of phosphoric acid or by means of digestion with an acid mixture,
comprising phosphoric acid and other acids, such as, for example, a hydrochloric acid solution. This variant of the method
is advantageous in that it reduces the use of more expensive salts, in addition to reducing the number of resulting
intermediate compounds if salts are used, thus being advantageous in that it reduces subsequent washing processes
considerably. In this variant of the method, the particle size of the metal cation compounds such as, for example,
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hydroxides, is not limited, but a maximum recommended particle size is 40 wm, preferably 30 wm, thus ensuring the
correct dissolution thereof. Particle size may be achieved by previously grinding the particles of the metal cations following
any of the usual processes to this end, such as, for example, grinding in a ball mill.

[0026] Duringstep a1) and in case of preparing the dispersion of particles of precursor compounds of the metal cations,
dispersing agents may additionally be used such as, for example, polyacrylic acid, in orderto facilitate the deagglomeration
of particles and the dispersion suspending processes.

[0027] The addition of phosphoric acid, in the ratio suitable for the metal phosphate composition to be obtained, to
the solution or dispersion of step a), is conducted under stirring until a pH value of <3 is achieved. The ratio of added
phosphoric acid may vary with respect to the proportion of metal cations present in a metal cation mol/phosphoric acid
mol ratio, in the range of 5:1 up to 1:1.2. The default existence of the proportion of phosphoric acid relative to the
proportion corresponding to the metal cations present in the solution ratio is preferably indicated when starting with
suspensions of solid particles, for example hydroxides of metal cations, amongst others. This variant of the method is
significantly advantageous in that it ensures all of the phosphoric acid is consumed in the reaction. The complete
consumption of the phosphate anions in solutions constitutes an important advantage, since it minimalizes the treatments
needed to neutralise its presence in the residual water resulting from the optional washing processes of the end product.
The solution obtained in step a) of the process may be maintained at the selected pH values by adding the selected
quantity of phosphoric acid plus another acid, such as hydrochloric acid, amongst others, if necessary. The solution
obtained in step a) of the process containing an excess of precursor compounds of the metal cations is also maintained
at the desired pH by adding an acid different from phosphoric acid, if a ratio deficient in phosphoric acid is sought. It is
recommended that the different reagent additions are carried out keeping the salt solution under intensive stirring or
where applicable, the dispersion of the precursor compounds.

[0028] The phyllosilicate particles are selected from those materials with laminar, pseudo-laminar or fibrillar structure.
The phyllosilicates may be of the 1:1 variety, i.e., composed of a layer of silica tetrahedrons and an octahedral layer of
cations, or of the 2:1 variety, composed of two layers of silica tetrahedrons and one central octahedral layer of cations.
One example of type 1:1 phyllosilicates is kaolin and examples of type 2:1 phyllosilicates include smectites, including
both trioctahedral smectites, wherein the cation of the octahedral layer is mainly magnesium, and dioctahedral smectites,
wherein the cation of the octahedral layer is mainly aluminium. One example of dioctahedral smectites is montmorillonite
and examples of trioctahedral smectites include saponite and stevensite. All these phyllosilicates have alaminar structure
and morphology. In addition to laminar phyllosilicates, pseudo-laminar silicates with a fibrous or acicular structure and
morphology may be used. Examples of these pseudo-laminar silicates include sepiolite and attapulgite. The structure
of these pseudo-laminar phyllosilicates, the morphology of which is acicular or microfibrous, is formed by two parallel
silica chains, bound by oxygen atoms to a central layer of aluminium and/or magnesium octahedrons. These chains
composed of silica tetrahedrons are inverted each six units in the case of sepiolite and each four in the case of attapulgite,
giving rise to discontinuities in the octahedral layers that generate channels, referred to as zeolitic, oriented in the direction
of the ¢ axis of the acicular particles, with dimensions of 3.7 x 10.6 A for sepiolite and 3.7 x 6.4 A for attapulgite. As a
result of this structure, sepiolite and attapulgite adsorb water (zeolitic water) and other compounds (depending on the
size and polarity of the molecule) not only on their external surface but also inside the zeolitic channels.

[0029] These clays have a high specific surface owing to their elongated habit and are highly porous with a small
particle size. The total specific surface (internal and external) of these clays, calculated using theoretical models (C. J.
Serna, G.E. Van Scoyoc, in: Mortland, M.M., Farmer, V.C. (eds), Proc. of the Int. Clay Conf., 1978. Elsevier, Amsterdam,
197-206) is approximately 900 m2/g:400 m2/g of external area and 500 m2/g of internal area in sepiolite and 300 m2/g
of external area and 600 m2/g of internal area in attapulgite. However, the surface area of these clays, accessible to the
different compounds and adsorbates, depends on the size and polarity thereof, which determine the penetration capacity
of the molecules in the clay pores and channels. For example, the BET surface accessible for N, is above 300 m2/g in
the case of sepiolite and about 150 m2/g for attapulgite.

[0030] These clays have a high density of silanol groups (SiOH) on their outer surface, which originate at the edges
of the layers of silica tetrahedrons. These silanol groups are arranged such that they cover the outer surface of these
clays and confer a high degree of hidrophylicity thereto, given their ability to adsorb water molecules. These silanol
groups may act as active adsorption centres and are able to form hydrogen bridges with different molecules.

[0031] In a preferred embodiment of the invention, the phyllosilicate used in step b) is selected from clays or phyllo-
silicates of the smectite, attapulgite, sepiolite varieties or from mixtures thereof. The smectite phyllosilicate may comprise
montmorillonite, saponite and/or stevensite. It must be noted that the phyllosilicate may also be a clay of the bentonite
variety. Although the term bentonite is sometimes used incorrectly as a synonym for montmorillonite, the term bentonite
does not designate a specific phyllosilicate or mineral species but is rather applied to a rock mainly composed of smectite,
which may usually be of the montmorillonite variety.

[0032] The preparation of an aqueous suspension of clay-type particles, for example clays of fibrillar morphology such
as sepiolite, amongst others, is carried out by means of a process consisting in the dispersion of the phyllosilicate in
water at a concentration of 1 to 25 % by weight, and preferably between 4 % and 12 % by weight, using mechanical
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stirring, preferably at high shear. The average particle size of the phyllosilicate is smaller than 150 microns and preferably
smaller than 44 microns. One especially advantageous embodiment of this invention is that in which the particle size of
the phyllosilicate is smaller than 5 microns. Phyllosilicates obtained by means of dry or wet grinding processes, usually
used to grind and reduce the size of clay particles, for example using impact mills or ball mills, may be used. Products
of these clays obtained by special wet micronisation processes, which cause the elemental particles of the clay to
separate, without breaking its structure, which also make it possible to expose the external surface thereof to the
maximum, may also be used. Examples of these products include sepiolite and attapulgite products of rheological grade,
obtained according to the processes described in patents EP0170299, EP0454222 and EP0170299.

[0033] The phyllosilicate dispersion is subsequently acidified by adding an acid until the pH of the dispersion is lower
than 3, in order to obtain the dispersion of step b). Alternatively, the acid may be added before the phyllosilicate, the
phyllosilicate being subsequently dispersed in the aqueous solution of an acid using mechanical stirring, preferably
under high shear conditions. The amount of acid added must be enough for the pH of the clay or phyllosilicate dispersion
to be lower than 3.

[0034] The dispersion of phyllosilicate particles of step b) and the solution of step a) are subsequently mixed, in order
to obtain an homogeneous dispersion, using suitable stirring systems, which preferably provide an intense stirring, in
order to reduce the time needed to obtain an homogeneous dispersion in step c¢). An improved process consists in
applying a stirring process by means of a high shear method, in order to achieve high homogeneity in this step c).
[0035] Subsequently, in step d), a base is added to increase the pH of the mixture up to the value corresponding to
the precipitation of the desired phosphate species. The base is usually sodium hydroxide, although other bases such
as ammonium hydroxide, potassium hydroxide or lithium hydroxide, for example, may also be used.

[0036] The base is added in a controlled manner, keeping the solution of the previous step under stirring, preferably
at high shear, in order to prevent excessive increase in local pH, which may lead to the precipitation of undesired
phosphate phases. In this step, the inorganic phosphate phase is precipitated in the form of submicrometric or nanometric
particles on the surface of the phyllosilicate, originating the hierarchically ordered structures in the aqueous dispersion.
[0037] In an optional step e), the hierarchically ordered structures obtained by precipitating the inorganic phosphate
onthe phyllosilicate may be separated from the solution by means of a solid/liquid separation step. Examples of solid/liquid
separation processes include centrifugation or filtration processes using, for example, filtering equipment selected from
press filters, pressure band filters, vacuum band filters, rotary vacuum filters and Nucha filters. The resulting product
may be washed in order to remove the presence of dissolved reagents in those cases wherein precipitation is not
complete. The filtering and washing processes of step €) may be conveniently repeated.

[0038] The material obtained as a result of step €) may optionally be treated in the subsequent steps f), g) and h),
which may optionally be carried out completely or just partly, depending on the product sought.

[0039] In stepf), the organofunctionalisation of the surface of the products obtained is carried out by adding an organic
modifier agent or coupling agent, in order to improve the compatibility of the hierarchically ordered inorganic phosphate
structure on phyllosilicate with different organic matrices. This modification or organofunctionalisation makes it possible
to improve the dispersion in the organic matrix, such as a polymer. The organic modifier agent may be an organic
compound, demonstrating an amphiphilic character, with one part of the molecule having affinity towards the hydrophilic
surface of the phyllosilicate and the other part of the molecule having a hydrophobic character with affinity towards the
organic polymer. Examples of this kind of organic modifier include quaternary ammonium salts and quaternary phos-
phonium salts with alkyl or aryl radicals. They may also be coupling agents capable of reacting on the active sites of the
hierarchically ordered structure and with the polymer matrix. Examples of this kind of coupling agent include organosi-
lanes.

[0040] The treatment with the organic modifier agent or with the coupling agent may be carried out subsequent to
washing and filtering step e) and prior to drying, or preferably in step d) after adjusting the pH for precipitation of the
submicrometric or nanometric particles on the surface of the phyllosilicate. This ensures the modifier agents are better
distributed when they are added prior to drying, thus preventing the material from agglomerating. The use of high shear
velocity dispersion processes during the organo-modification of the products in step f) favours the correct distribution of
the modifier or coupling agent. The modification process may optionally be carried out after filtering and washing step
e), and prior to drying, by means of intensive mixing of the wet hierarchically ordered structure with the modifier in the
ratio required.

[0041] The product obtained in step e) and optionally in step f) may be subjected to a drying process in step g), in
order to remove excess moisture. This process may be carried out following a standard drying method, using an atmos-
pheric pressure or reduced pressure dryer at temperatures below 300 °C, but not limited to said example. One alternative
to the solid/liquid separation and drying processes, which improves the yield of step g), is an atomisation drying process,
for drying the suspension obtained in step d).

[0042] The dry product may optionally be ground, in an optional step h), or dry conditioned, in order to adapt it to the
different application requirements. For example, in order to obtain a product, the particle size or apparent density of
which is suitable for the packaging, transportation, handling and dosage thereof. Should grinding the end product be
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desired, simultaneous grinding/drying systems may be used, in an optional step i), using impact mills that facilitate
simultaneous drying by injecting hot gases into the grinding chamber, as an alternative to drying and grinding steps g)
and h). The final particle size may be selected by means of static or dynamic sorting systems.

[0043] The product resulting from the present invention method is characterised in that it is a hierarchically ordered
structure of submicrometric or nanometric amorphous and hydrated inorganic phosphate particles, supported on phyl-
losilicate particles, with a low agglomeration state. Phyllosilicate particles are especially advantageous for obtaining
these ordered structures with homogenously distributed submicrometric or nanometric inorganic phosphate particles,
supported on the surface of the phyllosilicate, since these phyllosilicate particles have a high specific surface, which
favours heterogeneous nucleation processes. The submicrometric or nanometric inorganic phosphate particles thus
present a low agglomeration state and are distributed homogeneously on the surface of the phyllosilicate.

[0044] Thefinal pH of step d) will be determined by the inorganic phosphate species to be obtained on the phyllosilicate
in the hierarchically ordered structure and by the nature of the phosphate precursor compounds of the phosphates. The
product obtained is characterised in that it is an amorphous product and has hydration water within its structure. The
resulting product is also characterised in that the inorganic phosphate particles are submicrometric in size, measuring
less than 1 micron and are preferably nanometric, measuring less than 100 nanometres. These nanoparticles are
dispersed as individual particles or as nanoparticle agglomerates or mixtures of both. Where appropriate, the nanoparticle
agglomerates are smaller than 400 nm, preferably measuring less than 200 nm. The inorganic phosphate particles are
supported on the phyllosilicate particles forming a hierarchical order. Obtaining submicrometric or nanometric phosphate
particles is a known process, although it is characterised by the high agglomeration state thereof. The method described
in the present invention proves advantageous given the high dispersion degree and low agglomeration degree of the
inorganic phosphate particles obtained. One additional advantage is that said inorganic phosphate particles are homo-
geneously distributed and supported hierarchically on larger particles, which constitute the phyllosilicate particles used
as support.

[0045] In the method carried out in the present invention, the phyllosilicate particles keep their morphology. In the
method conducted, the dispersion of the phyllosilicate particles is kept even after drying the same, owing to the presence
of submicrometric or nanometric inorganic phosphate particles on its surface, which prevent the re-agglomeration of the
phyllosilicate particles. This process, as will be further described, constitutes an additional advantage, since it favours
dispersion processes for the hierarchically ordered structures in different matrices.

[0046] The product optionally obtained in step f) is characterised in that it is a hierarchically ordered structure of
amorphous and hydrated submicrometric or nanometric inorganic phosphate particles, with a low agglomeration state,
supported on the phyllosilicate particles, the surface of which is coated with an organic modifier agent or coupling agent,
which makes the hierarchically ordered structure compatible with matrices of an organic nature such as a polymer matrix,
for example.

[0047] The resulting product may be prepared by starting with an excess of precursor compounds of metal cations or
a molar excess of the metal cation solution previously prepared. The resultis the product previously described, in addition
to the excess presence of the metal cation compounds. In the present invention, a significant reduction in the size of
the inorganic phosphate particles is obtained when there is an excess of metal salts, relative to phosphoric acid. Said
reduction in size is produced as a result of a combined effect of the high shear stirring processes and the use of acid
solutions. An additional advantage of using an excess of metal cations precursor compounds is, as previously mentioned,
the elimination of the washing processes, since no intermediate compounds are produced in said method and the different
cations are removed from the solution.

[0048] In a preferred embodiment, submicrometric or nanometric particles of aluminium phosphate salts (aluminium
phosphate, monobasic aluminium phosphate and dibasic aluminium phosphate) are obtained by using a solution of
aluminium sulphate, phosphoric acid and a suspension of acicular sepiolite particles, according to the processes con-
ducted in steps a), b), ¢), d), e), f) and i). The final ratio by weight of aluminium phosphate precursor particles and sepiolite
may range from 70 parts by weight of aluminium phosphates and 30 parts by weight of sepiolite to 30 parts by weight
of aluminium phosphates and 70 parts by weight of sepiolite. The composition of this hierarchical structure of aluminium
phosphates and sepiolite is preferably composed of from 60 parts by weight of aluminium phosphates and 40 parts by
weight of sepiolite to 40 parts by weight of aluminium phosphates and 60 parts by weight of sepiolite. An especially
advantageous embodiment is that composed of 50 parts by weight of monobasic aluminium phosphate and 50 parts by
weight of sepiolite.

[0049] The dry powder composed of a hierarchically ordered structure of submicrometric or nanometric aluminium
phosphate particles dispersed and supported on acicular sepiolite particles may be shaped by pressing, for example
uniaxial pressing or may be used as a coating on a substratum, to that end using a carrier such as turpentine oil, for
example, although not limited to these examples.

[0050] A thermal treatment of above 300 °C produces a loss of hydration water in the aluminium phosphates and also
gives rise to the polymerisation of the phosphates. This process is characterised in that it absorbs energy, thus being
an endothermic process. The removal of hydration water proves favourable in flame retardant processes. Polymerisation
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processes prove favourable in terms of increasing the integrity of the hierarchical structure formed by the submicrometric
or nanometric aluminium phosphate and acicular sepiolite particles. The condensation and polymerisation of hydrated
aluminium phosphate particles on the surface of the sepiolite leads to the formation of bonds between acicular sepiolite
particles in the contact sites between sepiolite particles coated with submicrometric or nanometric phosphate particles.
When phosphate particles coating different sepiolite acicular particles or fibrils react and are condensed, thus forming
polyphosphates, a thermal treatment of up to 900 °C favours the formation of a nanometric coating on the sepiolite fibrils,
by means of the aluminium phosphates. The structure formed during the thermal treatment is characterised in that it
forms a three-dimensional structure, wherein the aluminium phosphate particles coat the sepiolite acicular particles,
thus forming bonds between the different coated fibrils. This three-dimensional structure is characterised in that it presents
connectivity between the coated acicular particles and keeps a homogeneously distributed and interconnected porosity.
The mechanical strength of said material increases relative to a material in which said connectivity is not produced.
[0051] The hierarchically ordered structure of the present invention may be mixed with other particles, such as nan-
oparticles, of organic or inorganic materials. The mixture may be prepared using physical, dry or wet methods. The
mixtures are made with the purpose of subsequent heat treatments giving rise to a material by means of a reaction
between the components, once the material has been shaped into one piece. Said reaction is characterised in that it
makes it possible to remove the volatile elements during heating, owing to the homogeneously distributed porosity. The
material or compact piece keeps its integrity owing to the polymerisation of phosphate particles after the same has been
subjected to a dehydration process and may finally react with the components added. In a particular embodiment, the
reaction with the components added may form a liquid phase and will form a continuous matrix by reaction. A partial
fusion, for example of the aluminium phosphate with alkaline cations that come from the phyllosilicate or that have been
added to favour the formation of the liquid phase, may occur at a specific temperature.

[0052] A variant of the processes above comprises the use of different inorganic metal cations in step a), in order to
form the corresponding inorganic metal phosphates, for example, starting with iron and aluminium salts, such as iron
sulphate and aluminium sulphate. Either iron and aluminium phosphates or solid phosphate solutions of aluminium iron-
phosphate solutions, supported on phyllosilicate nanoparticled systems, may thus be obtained. The method described
is not limited to the previous examples.

[0053] The dry product obtained in a preferred embodiment comprising step f) is characterised in that the product may
be incorporated directly into thermoplastics, by means of melt-mixing. This powdered product obtained in the process
including step f) may also be incorporated into a thermosetting polymer before the polymerisation step of the thermosetting
compound or it may be dispersed within the corresponding monomers prior to in situ polymerisation, in order to obtain
the corresponding polymer, so as to obtain a homogeneous dispersion of the hierarchically ordered structure of inorganic
phosphates on phyllosilicates. The nanometric character of the inorganic phosphate particles and the low agglomeration
state thereof, upon being supported on phyllosilicate particles, facilitate the homogeneous distribution of the same in
the polymer matrix during the melt-mixing or dispersion process acting on the monomers prior to polymerisation.
[0054] One characteristic of the hierarchically ordered structures obtained by this method consists in that after the
incorporation thereof into a polymer matrix, for example, an ethylene-vinyl acetate (EVA) copolymer, although not re-
stricted to this compound, in a ratio comprised between 3 and 50 % by weight, the final compound consists of a nano-
compound, wherein the product formed by hierarchically ordered inorganic phosphate structures on phyllosilicates is
dispersed in the polymer matrix. The polymer nanocompound containing the product dispersed thus acquires flame
retardant characteristics, characterised in that the reaction facilitates the formation, with temperature, of a hierarchical
nanometric structure of phyllosilicate particles, preferably fibrils of pseudo-laminar silicates such as sepiolite, interlinked
by the inorganic metal polyphosphate particles. This net acts as a backbone, which facilitates the gradual burning of the
organic component of the nanocompound, thus meaning more time is required for the nanocomposite to burn completely,
when compared to a nanocompound into which the hierarchical ordered structure of metal inorganic phosphates on
phyllosilicates has not been incorporated.

[0055] Additionally, as a result of the existence of said hierarchically ordered, interlinked net of nanometric fibres
previously described, the resulting ashes produced after the polymer burning process present a high consistency. The
incorporation of the product obtained by the method of the presentinvention gives rise to an increase of the force required
to break the resulting ashes of at least one order of magnitude in said force, with respect to a nanocomposite that only
contains phyllosilicate. Table 1 in example 5 indicates the force required to break the resulting ash.

[0056] One characteristic of the hierarchically ordered structure of metal phosphates on phyllosilicates is that the
interconnection by means of the formation of metal polyphosphates thereof is produced simultaneously to the organic
matrix burning process, acting as flame retardant and conferring mechanical properties to the resulting ash. This process
becomes a unique advantage over other flame retardants, since it makes it possible to achieve significant consistency
in the ashes, as of the moment in which polymer matrix loss occurs. For example, in the case of the preferred embodiment
of aluminium phosphate supported on sepiolite, when it is incorporated into an EVA matrix, consistent ashes are obtained
in a wide range of temperatures. This characteristic thus becomes an additional advantage over other compositions,
which require a high temperature melting or ceramifying phase to be incorporated.
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[0057] Other polymer matrices, into which the hierarchically ordered structure of metal phosphates on phyllosilicates
may be incorporated, in order to provide them with flame retardant and ceramifying characteristics comprises thermo-
plastic homopolymers and copolymers, selected from the group of polyamide 6, polyamide 66, polyamide 12, polyesters,
polyethylene terephthalate, polypropylene terephthalate, polybutylene terephthalate, polypropylene, polyethylene, poly-
butylene, polyoxymethylene, vinyl polyacetate, polymethacrylates, thermoplastic polyolefins, polycarbonate, acryloni-
trile-butadiene-styrene, polycarbonate, ethylene vinyl-acetate and polystyrene, and any combination thereof. The poly-
mer matrix may also be a thermosetting polymer compound, comprising at least one polymer selected from the group
consisting of unsaturated polyesters, saturated polyesters, polyurethanes, epoxy resins, phenol-formaldehyde resins,
urea-formaldehyde resins, melamine-formaldehyde resins, bismaleimides, polyimides and acrylic resins and any com-
bination thereof.

[0058] The hierarchically ordered structure of the present invention is likewise characterised in that is synergistic with
other flame retardant fillers of the nano- or micrometric variety, such as aluminium hydroxide, for example, although not
restricted to this compound. Said synergy is characterised by improved flame retardant response and particularly by the
fact that the resulting ashes, in addition to maintaining the strength required for the mechanical breakage thereof, remain
intact as one piece and thus do not become detached after the burning assays.

[0059] The presentinvention also relates to a hierarchically ordered structure of submicrometric or nanometric phos-
phate particles of at least one inorganic cation homogeneously deposited on the surface of a phyllosilicate. The inorganic
phosphate cation may be selected from the group comprising Al, Zn, Cd, Fe, Sn, Mn, Ni, Co, B, Sb, W, Mo, Zr, Cu, Ga,
In, Be, Mg, Ca, Sr, Ba, NH,OH, Li, Na, K, Rb, Cs and mixtures thereof.

[0060] Insaid hierarchically ordered structure of submicrometric or nanometric particles, the phyllosilicate is preferably
a type 2:1 phyllosilicate of laminar or acicular morphology, the phyllosilicate more preferably being type 2:1 and a
dioctahedral smectite, trioctahedral smectite, sepiolite, attapulgite or a mixture thereof.

[0061] The smectite is preferably of the montmorillonite, saponite, stevensite, beidellite, nontronite or hectorite variety
or a mixture thereof.

[0062] The weight ratio of inorganic phosphate and phyllosilicate in the hierarchically ordered structure may range
from 70 parts by weight of inorganic phosphate and 30 parts by weight of phyllosilicate, to 30 parts by weight of inorganic
phosphate and 70 parts by weight of phyllosilicate, preferably ranging from 60 parts by weight of inorganic phosphate
and 40 parts by weight of phyllosilicate and 40 parts by weight of inorganic phosphate and 60 parts by weight of
phyllosilicate.

[0063] The phyllosilicate particles have an average size smaller than 150 micrometres, preferably, an average particle
size smaller than 45 micrometres and more preferably still, are smaller than 10 micrometres.

[0064] The inorganic phosphate particles precipitated and supported on the phyllosilicate are less than 1 micrometre
in size and preferably smaller than 100 nanometres in size.

[0065] The particles of the hierarchically ordered structure are optionally bound to an organic modifier or coupling
agent, giving rise to a modified hierarchically ordered structure.

[0066] The organic modifier agent used to obtain a modified hierarchically ordered structure, may be selected from
the group consisting of quaternary ammonium salts, quaternary phosphonium salts, polyaminates, polyglycols, silicon
oils, polydimethylsiloxanes, organo-metal compounds, amines and polyamines and any combination thereof.

[0067] The organo-metal compound may be selected from the group consisting of:

- organo-silanes, preferably, 3-aminopropyl triethoxy silane, 3-aminopropyl trimethoxy silane, vinyltriethoxy silane,
vinyltrimethoxy silane, 3-methacryloxipropyl trimethoxy silane, methyltrimethoxy silane, methyl triethoxysilane, 3-
mercaptopropyl trimethoxy silane, tetraethoxy silane, n-octiltrimethoxy silane, n-octyltriethoxy silane, n-hexadecyl
trimethoxy silane, N-2-aminoethyl-3-aminopropyl trimethoxy silane, 3-glycidyloxypropyl trimethoxy silane,
alkylamine trimethoxysilane, acryloxypropyl trimethoxy silane, N-(2-aminoethyl)-3-aminopropyl-methyl dimethoxy
silane, ketiminopropyl triethoxy silane, 3,4-epoxycyclohexylethyl trimethoxy silane and aminopropyl trimethoxy si-
lane,

- organo-titanates,

- organo-zirconates

- and any combination thereof.

[0068] The quaternary ammonium salt may be selected from the group consisting of: trimethyl alkyl ammonium,
dimethyl benzyl alkyl ammonium, dimethyl dialkyl ammonium, methyl benzyl dialkyl ammonium, dimethyl alkyl 2-ethyl-
hexyl ammonium and methyl alkyl bis-2-hidroxyethyl ammonium salts, wherein the alkyl chain has at least 12 carbon
atoms, which are either synthetic or of natural origin, such as tallow or hydrogenated tallow; the phosphonium salt being
selected from the group consisting of trihexyl (tetradecyl) phosphonium, tributyl (tetradecyl) phosphonium, tetrabutyl
phosphonium and tetra-n-octyl phosphonium salts.

[0069] Theinorganicphosphate precipitated and supported onthe phyllosilicate in the hierarchically ordered or modified
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hierarchically ordered structure may be selected, according to particular embodiments, from the group consisting of:

- aluminium phosphate,

- monobasic aluminium phosphate,
- dibasic aluminium phosphate

- and any combination thereof.

[0070] According to particular embodiments, the phyllosilicate of the hierarchically ordered or modified hierarchically
ordered structure is sepiolite.

[0071] According to further particular embodiments, the phosphate ratios of aluminium/sepiolite in the hierarchically
ordered structure or in the modified hierarchically ordered structure, is 50:50 by weight.

[0072] According to further particular embodiments, the modified hierarchically ordered structure that comprises alu-
minium/sepiolite phosphates with a 50:50 weight ratio, is superficially modified with a quaternary ammonium salt.
[0073] According to further particular embodiments, the modified hierarchically ordered structure comprises a quater-
nary ammonium salt, which is a dimethyl di(hydrogenated tallow) ammonium salt. The percentage of dimethyl di(hydro-
genated tallow) ammonium salt is preferably between 10 % and 30 % by weight with respect to the weight of the
hierarchically ordered structure of aluminium/sepiolite phosphates.

[0074] The hierarchically ordered or modified hierarchically ordered structure may be mixed with other organic or
inorganic material particles, using dry or wet physical methods.

[0075] The presentinvention also relates to a hierarchically ordered structure of submicrometric or nanometric particles
or to a modified hierarchically ordered structure, of inorganic phosphates homogeneously deposited and supported on
the surface of a phyllosilicate obtained by the method described in the present specification.

[0076] The present invention also relates to a composition comprising the hierarchically ordered structure of submi-
crometric or nanometric particles or the modified hierarchically ordered structure described in the present specification.
[0077] Said composition may comprise one or more polymers, which may be thermoplastics, thermosetters or elas-
tomers.

[0078] According to particular embodiments, the composition comprises between 2 % and 40 % by weight of the
hierarchically ordered or modified hierarchically ordered structure, and preferably between 4 % and 25 % by weight of
the hierarchically ordered or modified hierarchically ordered structure.

[0079] The present invention also relates to the use of the hierarchically ordered or modified hierarchically ordered
structure, or of a composition comprising the same, to provide the organic materials, especially polymeric and elastomeric
materials, with flame resistant and ceramification properties in the event of fire.

BRIEF DESCRIPTION OF THE FIGURES
[0080]

FIG. 1. Field-Emission Scanning Electron Microscopy micrograph of a product obtained by following Example 1 of
the present invention.

FIG. 2. Transmission Electron Microscopy micrographs of a product obtained by following Example 2 of the present
invention.

FIG. 3. X-Ray Diffraction Diagrams of: a) Sepiolite used in the preparation of the products described in Examples
1, 2 and 3, b) the product obtained in Example 1 of the present invention and c) the product obtained in Example 2
of the present invention. The main x-ray diffraction standard curves corresponding to the sepiolite structure are
indicated.

FIG. 4. Thermogravimetric and differential thermal analysis (TG-DTA) of the product obtained in Example 1 of the
present invention.

FIG. 5. Field-Emission Scanning Electron Microscopy micrograph of the product obtained following Example 2 of
the present invention, which has been thermally treated at 500°C for 5 minutes.

FIG. 6 Field-Emission Scanning Electron Microscopy micrograph of the product obtained following Example 2 of
the present invention, which has been thermally treated at 900°C for 5 minutes.

FIG. 7. Pore size distribution of the ashes of the product obtained following Example 2 of the present invention,
which has been thermally treated for 5 minutes at 600°C and 900°C, respectively.

FIG. 8. Field-Emission Scanning Electron Microscopy micrograph of the product obtained by following Example 3,
which has been thermally treated at 900°C for 5 minutes.

FIG. 9. Field-Emission Scanning Electron Microscopy micrograph of the ashes obtained after thermal treatment at
900 °C for 5 minutes of the nanocompound in EVA of the hierarchically ordered structure obtained following Example
2 of the present invention, as described in Example 7.
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FIG. 10. Field-Emission Scanning Electron Microscopy micrograph of the ashes obtained after thermal treatment
at 900 °C for 5 minutes of the nanocompound in EVA of the hierarchically ordered structure obtained following
Example 2 of the present invention, as described in Example 8.

FIG. 11. Pore size distribution of the ashes after thermal treatment at 600 °C and 900 °C for 5 minutes of the
nanocompound in EVA of the product obtained by following Example 2 of the present invention, as described in
Example 8.

EXAMPLES

Example 1. Hierarchically ordered structure of monobasic hydrated aluminium phosphate particles on acicular
sepiolite particles.

[0081] A productcomposed of a hierarchically ordered structure of monobasic hydrated aluminium phosphate particles
on acicular sepiolite particles is obtained. To this end, the following process is followed:

a) 210 g of Al(OH)5 are dissolved in 15650 g of H3P0,4 (51 % purity), thus giving a molar Al/P ratio of 1:3. The dispersion
is kept under stirring until the Al(OH), dissolves completely in the H3PO,.

b) 1000 g of a sepiolite rheological product obtained according to the process described in Patent EP0170299 are
dispersed in 9000 g of distilled H,0 and the same is stirred for 3 minutes in a toothed disk stirrer of the Cowles
variety with a 13 cm diameter, at a speed of 1500 rpm, equivalent to a peripheral speed of 10.2 m/s. A pre-dispersion
is thus obtained at a concentration of 10 %. Another 428 g of distilled H,O are then added and the same is stirred
at 2000 rpm for 5 minutes, in order to obtain a dispersion with a final sepiolite concentration of 7 % by weight. HCI
is subsequently added to the sepiolite dispersion, up to a final pH of 2 and is kept under stirring for 10 minutes.

c) The solution of Al(OH)5 in H;P0, obtained in step a) is added to the sepiolite suspension obtained in step b)

d) A saturated solution of NH,OH is then slowly added to the dispersion obtained in step c) under stirring, until a
pH=5 is reached. The monobasic hydrated aluminium phosphate is precipitated on the acicular sepiolite particles
at this pH, thus forming the hierarchically ordered structure of monobasic hydrated aluminium phosphate on sepiolite.
e) The dispersion of the hierarchically ordered structure obtained in step d) is vacuum filtered and washed with 1500
ml of distilled H,0.

f) Thefilter cake obtained in ), with an approximate humidity of 60 %, is dried in an oven at 60 °C and deagglomerated
in an impact mill, in order to obtain the final powdered product. This productis composed of the hierarchically ordered
structure of hydrated aluminium phosphate nanoparticles supported and dispersed on acicular sepiolite particles
with a sepiolite/aluminium phosphate ratio of 50:50 by weight.

[0082] The product obtained was observed under Electron Microscopy (Figure 1), wherein it is possible to observe
the nanoparticles of the monobasic aluminium phosphate precursor supported on sepiolite nanofibers. The thermo
differential and thermogravimetric analysis of the product obtained is also shown in Figure 4. The X-Ray diffraction
diagram (Figure 3b) only shows the peaks corresponding to the crystalline sepiolite structure, confirming the lack of
crystallinity in the nanoparticles of the monobasic hydrated aluminium phosphate precursor.

Example 2. Hierarchically ordered structure of monobasic hydrated aluminium phosphate nanoparticles on
organically modified acicular sepiolite particles

[0083] 20 % by weight of a quaternary ammonium salt was added as modifier agent to the wet filtration cake obtained
by following steps a) and e) of the method described in Example 1. The quaternary ammonium salt used was dimethyl
di(hydrogenated tallow) ammonium chloride and the percentage by weight refers to the dry weight of the hierarchically
ordered structure of hydrated aluminium phosphate particles on acicular sepiolite particles. The mixture was prepared
in an intensive Lodige type mixer with plough shaped blades, for 10 minutes. The product obtained was then dried in
an oven at 60 °C and was deagglomerated in a laboratory impact mill. A hierarchically ordered structure of monobasic
hydrated aluminium phosphate on organically modified sepiolite is thus obtained, in order to facilitate the dispersion
thereof in polymer matrices. The product obtained was observed under Electron Microscopy (Figure 2), wherein the
monobasic aluminium phosphate precursor nanoparticles supported on sepiolite nanofibers are observed. The X-Ray
diffraction diagram (Figure 3c) just shows the peaks corresponding to the sepiolite crystalline structure, which also
confirms that, in this case, the lack of crystallinity of the monobasic hydrated aluminium phosphate precursor nanopar-
ticles.
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Example 3. Hierarchically ordered structure of monobasic hydrated aluminium phosphate nanoparticles on
acicular sepiolite particles obtained using NaOH as a precipitant

[0084] A product is obtained by following the process described in Example 1, the difference being that in step d)
rather than using NH,OH, 25 % NaOH is used as a precipitant agent, in order to adjust the pH to 5. The resulting product
is filtered and washed in step €) until the Na content in the final product is 3 %. A hierarchically ordered structure of
hydrated monobasic aluminium phosphate on modified sepiolite is thus obtained, with a sepiolite/aluminium phosphate
ratio of 50:50 by weight, containing 3 % Na.

[0085] This productis shaped by means of uniaxial pressing and is heated at 900 °C. The corresponding ashes were
observed under Electron Microscopy (Figure 8). It is possible to observe that the ashes are characterised in that they
preserve the morphology of the acicular sepiolite particles embedded in a continuous vitreous matrix.

Example 4. Hierarchically ordered structure of dibasic iron phosphate nanoparticles on acicular sepiolite par-
ticles

[0086] A hierarchically ordered structure of dibasic iron phosphate on acicular sepiolite particles is obtained. To this
end, the following process is followed:

a) 430.8 g of Fe,0O4 are dissolved in 1550 g of H3PO, (51 % of purity), thus giving rise to a final molar Fe/P ratio of
2:3. The dispersion is kept under stirring until the Fe,O5 has dissolved completely in the H3PO,.

b) 1000 g of a rheological sepiolite product obtained according to the method described in Patent EP0170299 are
dispersed in 9000 g of distilled H,O and stirred for 3 minutes in a Cowles type toothed disk stirrer with a 13 cm
diameter, at a speed of 1500 rpm, equivalent to a peripheral speed of 10.2 m/s. A pre-dispersion at a concentration
of 10 % is thus obtained. Another 428 g of distilled H,O are then added and the same is stirred at 2000 rpm for 5
minutes, in order to obtain a dispersion with a final sepiolite concentration of 7 % by weight concentration. HCl is
then added to the sepiolite dispersion until a final pH of 2 is reached and is kept under stirring for 10 minutes.

¢) The Fe,O5 in H3PO, solution obtained in step a) is added to the sepiolite suspension obtained in step b).

d) A saturated NH,OH solution is then added, as quickly as possible, to the dispersion obtained in step c) under
stirring until a pH of 10 is reached. At this pH, the dibasic iron phosphate is precipitated on the acicular sepiolite
particles, the hierarchically ordered structure of dibasic iron phosphate on sepiolite thus being formed.

e) The dispersion of the hierarchically ordered structure obtained in step d) is vacuum filtered and washed with 1500
ml of distilled H,0.

f) The filtration cake obtained in e) with an approximate humidity of 60 % is dried in an oven at 60°C and deagglom-
erated in an impact mill, in order to obtain the final powdered product. This product is composed of the hierarchically
ordered structure of dibasic iron phosphate nanoparticles supported and dispersed on the acicular sepiolite particles.

Example 5. Thermal behaviour of the hierarchically ordered structure of nanoparticles of monobasic aluminium
phosphate on sepiolite

[0087] With the aim of determining the strength of the material obtained following thermal treatment, the product
obtained in Example 2 was compacted and treated at 500 °C and 900 °C for 5 minutes. The breaking strength of the
ashes was subsequently determined and the same were observed under Electron Microscopy. The sepiolite product
used as a starting material for obtaining the hierarchically ordered structure of Example 2 was used as a control. The
results (Table 1) show that the ashes obtained with the hierarchically ordered structure are significantly more resistant
than the starting sepiolite.

Table 1. Force for breaking the ashes resulting after the thermal treatment:

Sepiolite (% by Product obtained in Example 2 (% Thermal treatment Ash breaking strength
weight) by weight) (°C) (Kg/cm2)
100 900 5
100 500 21
100 900 49

[0088] The microstructures of the resulting ashes are shown in Figures 5 and 6. It is possible to observe that the
product treated at 500 °C is characterised in that it presents consistent ashes in acicular particles or sepiolite fibres,
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coated with condensed aluminium phosphate nanoparticles, thus forming a hierarchically ordered structure characterised
in that it connects fibres together and explains the increase in mechanical strength. The product treated at 900 °C is
characterised in that it presents consistent ashes in acicular particles or sepiolite fibres, coated with crystallised aluminium
phosphate nanoparticles, with a cristobalite structure, thus forming a hierarchically ordered structure, which connects
fibres together and has high mechanical strength. As can be seen in Figure 7, wherein the distribution of the pore size
of the ashes is shown, the same are characterised in that they have an open, interconnected submicrometric porosity,
subsequent to thermal treatment.

Example 6. Hierarchically ordered structure of monobasic aluminium phosphate nanoparticles on sepiolite as
a flame retardant and ceramifying additive in EVA

[0089] The product obtained in Example 2 was incorporated into an EVA polymer by means of melt-mixing, at a
concentration of 12 % to 40 % by weight, with or without 47 % by weight of aluminium hydroxide, in order to obtain a
nanocompound of the hierarchically ordered structure in EVA. After burning the polymer in a calorimetric cone, the
breaking strength on the resulting ashes was determined. The results (Table 2) show that adding the hierarchically
ordered structure obtained in Example 2 increases the mechanical strength of the ashes very significantly.

Table 2. Force for breaking the ashes resulting from burning nanocompounds in EVA in the calorimetric cone assay.

EVA (% | Sepiolite (% by | Productobtainedin Example2 | Aluminium hydroxide (% by Ash breaking

by weight) (% by weight) weight) strength (Kg/cm2)
weight)

88 12 3

41 12 47 4

88 12 23

41 12 47 45

60 40 105

Example 7. Microstructure of the nanocompound ashes of the hierarchically ordered structure of monobasic
aluminium phosphate nanoparticles on sepiolite in EVA

[0090] The product obtained in Example 2 was incorporated into an EVA polymer by means of melt-mixing, in order
to obtain a nanocompound composed as follows: 12 % by weight of the product obtained in Example 2, 43 % by weight
of EVA and 45 % by weight of aluminium hydroxide microparticles. The resulting nanocompound was treated thermally
at 900 °C for 5 minutes and the resulting ashes were observed under Electron Microscopy (Figure 9). It is possible to
observe that these ashes are characterised in that they contain acicular sepiolite particles coated with aluminium phos-
phate nanoparticles, thus forming a hierarchically ordered structure and being organised in a three-dimensional net,
characterised in that it connects fibres together and contains the gamma-aluminium particles derived from the initial
aluminium hydroxide particles.

Example 8. Microstructure of the nanocompound ashes of the hierarchically ordered structure of monobasic
aluminium phosphate nanoparticles on sepiolite in EVA

[0091] The product obtained in Example 2 was incorporated into an EVA polymer by means of melt-mixing, in order
to obtain a nanocompound composed as follows: 40 % by weight of the product obtained in Example 2 and 60 % by
weight EVA. The resulting nanocompound was treated thermally at 900 °C for 5 minutes and the resulting ashes were
observed under Electron Microscopy (Figure 10). It is possible to observe that these ashes are characterised in that
they have a continuous matrix without interconnected porosity, thus producing a material that may be ceramified. The
study on the pore size distribution of the ashes subsequent to treatment at 600 °C and 900 °C (Figure 11) shows that
these ashes are characterised in that they have an open, interconnected nanometric porosity at 600 °C, which is closed
at 900 °C and confirms the ceramifiable material character thereof.
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Claims

1.

10.

A method for preparing hierarchically ordered structures of inorganic phosphate submicrometric or nanometric
particles homogenously deposited and distributed on the surface of a phyllosilicate, characterised in that it com-
prises the following steps:

a) obtaining an acid solution of precursor compounds of an inorganic phosphate,

b) preparing a dispersion of particles of a phyllosilicate in aqueous medium and acidifying the phyllosilicate
dispersion by adding at least one acid, thereby obtaining an acid dispersion,

¢) mixing the acid solution obtained in step a) with the dispersion obtained in step b)

d) with stirring, adding a base to the mixture obtained in step c) until the pH thereof is increased up to the value
required for precipitating the corresponding inorganic phosphate, in the form of submicrometric or nanometric
particles homogenously distributed on the phyllosilicate particles.

The method according to claim 1, wherein the acid solution of the precursor compounds of an inorganic phosphate
is obtained by dissolving the precursor compound of at least one cation in an acid solution comprising at least

phosphoric acid.

The method according to claim 1, wherein the acid solution of the precursor compounds of an inorganic phosphate
according to step a) is obtained by means of:

a1) precipitating a solution or dispersion of a compound of at least one precursor cation of the inorganic phos-
phate, and
a2) adding an acid solution comprising at least phosphoric acid to the solution or dispersion prepared in step a1).
The method according to any one of claims 1 to 3, which further comprises the following step after step d):
e) separating the hierarchically ordered structure of homogenously distributed submicrometric or nanometric
inorganic phosphate particles, supported on the phyllosilicate surface of the aqueous dispersion by means of
a solid/liquid separation process, subsequently washing the hierarchically ordered structure with water in order
to remove reagents in non-precipitated solution.
The method according to any one of claims 1 to 4, which further comprises the following step after step d) or e):
f) adding an organic modifier or coupling agent, in order to organophilise the surface of the hierarchically ordered
structure of homogenously distributed submicrometric or nanometric inorganic phosphate particles supported
on the phyllosilicate surface.
The method according to any one of claims 4 or 5, wherein the solid/liquid separation of the hierarchically ordered
structure is carried out by means of centrifugation or filtering using filtering equipment selected from a filter press,
pressure band filters, vacuum band filters, rotary vacuum filters and Nucha filters.

The method according to any one of claims 1 to 6, which further comprises the following step after step d), e) or f):

g) eliminating residual water or moisture left in the hierarchically ordered structure, by means of atmospheric
pressure drying, under low pressure or in a vacuum.

The method according to claim 7, which further comprises the following step after step g):

h) grinding or deagglomerating the dried hierarchically ordered structure, in order to obtain a powdered product.
The method according to any one of claims 1 to 6, which further comprises the following step after step e) or f):

i) simultaneously grinding and drying the hierarchically ordered structure using an impact dryer mill.
The method according to any one of claims 1 to 9, wherein the cation of the inorganic phosphate is selected from

the group consisting of Al, Zn, Cd, Fe, Sn, Mn, Ni, Co, B, Sb, W, Mo, Zr, Cu, Ga, In, Be, Mg, Ca, Sr, Ba, NH,OH,
Li, Na, K, Rb, Cs and mixtures thereof.
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The method according to any one of claims 1 to 10, wherein the inorganic cation/phosphoric acid molar ratio ranges
between 5:1 to 1:1.2.

The method according to any one of claims 1 to 11, wherein the phyllosilicate is a 2:1 phyllosilicate type with laminar
or acicular morphology.

The method according to claim 12, wherein the 2:1 phyllosilicate type is a dioctahedral smectite, trioctahedral
smectite, sepiolite, attapulgite or a mixture thereof.

The method according to claim 13, wherein the smectite is of the montmorillonite, saponite, stevensite, beidellite,
nontronite or hectorite variety or a mixture thereof.

The method according to claim 13, wherein the sepiolite is a rheological grade sepiolite.
The method according to claim 13, wherein the attapulgite is a rheological grade attapulgite.

The method according to any one of claims 1 to 16, wherein the dispersion of the phyllosilicate in aqueous medium
in step b) has a phyllosilicate concentration of between 1 % and 25 % by weight, preferably between 4 % and 12
% by weight.

The method according to any one of claims 1 to 17, wherein the pH of the phyllosilicate dispersion in step b) is
adjusted with acid at a pH of less than 3.

The method according to claim 18, wherein the acid used to adjust the pH is an organic or inorganic acid, preferably
an inorganic acid with a pK; of less than 4.

The method according to claim 19, wherein the acid is selected from phosphoric acid, sulphuric acid, chlorohydric
acid, nitric acid and mixtures thereof.

The method according to any one of claims 1 to 20, wherein the phyllosilicate dispersion in step b) is carried out at
high shear, preferably using mechanical stirrers, wherein the peripheral velocity is greater than 10 m/s.

The method according to any one of claims 1 to 21, wherein the inorganic phosphate/phyllosilicate weight ratio in
the hierarchically ordered structure ranges from 70 parts by weight of inorganic phosphate and 30 parts by weight
of phyllosilicate to 30 parts by weight of inorganic phosphate and 70 parts by weight of phyllosilicate, preferably
varying between 60 parts by weight of inorganic phosphate and 40 parts by weight of phyllosilicate and 40 parts by
weight of inorganic phosphate and 60 parts by weight of phyllosilicate.

The method according to any one of claims 1 to 22, wherein the phyllosilicate particles have an average size of less
than 150 micrometres, preferably, an average particles size of less than 45 micrometres and more preferably still,
of less than 10 micrometres.

The method according to any one of claims 1 to 23, wherein the organic modifier agent used in step f) is selected
from the group consisting of quaternary ammonium salts, quaternary phosphonium salts, polyaminates, polyglycols,
silicon oils, polydimethylsiloxanes, organo-metal compounds, amines and polyamines, and any combination thereof.

The method according to claim 24, wherein the organo-metal compound is selected from the group consisting of:

- organo-silanes, preferably, 3-aminopropyl triethoxy silane, 3-aminopropyl trimethoxy silane, vinyltriethoxy
silane, vinyltrimethoxy silane, 3-methacryloxipropyl trimethoxy silane, methyltrimethoxy silane, methyl triethox-
ysilane, 3-mercaptopropyl trimethoxy silane, tetraethoxy silane, n-octiltrimethoxy silane, n-octyltriethoxy silane,
n-hexadecyl trimethoxy silane, N-2-aminoethyl-3-aminopropyl trimethoxy silane, 3-glycidyloxypropyl trimethoxy
silane, alkylamine trimethoxysilane, acryloxypropyl trimethoxy silane, N-(2-aminoethyl)-3-aminopropyl-methyl
dimethoxy silane, ketiminopropyl triethoxy silane, 3,4-epoxycyclohexylethyl trimethoxy silane and aminopropyl
trimethoxy silane,

- organo-titanates,

- organo-zirconates

- and any combination thereof.
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The method according to claim 24, wherein the quaternary ammonium salt is selected from the group consisting of:
trimethyl alkyl ammonium, dimethyl benzyl alkyl ammonium, dimethyl dialkyl ammonium, methyl benzyl dialkyl
ammonium, dimethyl alkyl 2-ethylhexyl ammonium and methyl alkyl bis-2-hidroxyethyl ammonium salts, wherein
the alkyl chain has at least 12 carbon atoms, which are either synthetic or of natural origin, such as tallow or
hydrogenated tallow; the phosphonium salt being selected from the group consisting of trihexyl (tetradecyl) phos-
phonium, tributyl (tetradecyl) phosphonium, tetrabutyl phosphonium and tetra-n-octyl phosphonium salts.

The method according to any one of claims 1 to 26, wherein the inorganic phosphate precipitated and supported
on the phyllosilicate in the hierarchically ordered structure is selected from the group comprising:

- aluminium phosphate,

- monobasic aluminium phosphate,
- dibasic aluminium phosphate,

- and any combination thereof.

The method according to any one of claims 26 or 27, wherein the phyllosilicate of the hierarchically ordered structure
is sepiolite.

The method according to claim 28, wherein the aluminium/sepiolite phosphates ratio in the hierarchically ordered
structure is 50:50 by weight.

The method according to claim 29, wherein the hierarchically ordered structure of aluminium/sepiolite phosphates
with a ratio of 50:50 by weight is modified superficially with a quaternary ammonium salt.

The method according to claim 30, wherein the quaternary ammonium salt is a dimethyl di(hydrogenated tallow)
ammonium salt.

The method according to claim 31, wherein the percentage of dimethyl di(hydrogenated tallow) ammonium salt is
between 10 % and 30 % by weight with respect to the weight of the hierarchically ordered structure of aluminium/se-
piolite phosphates.

The method according to any one of claims 1 to 9, wherein the hierarchically ordered structure is mixed with other
particles of organic or inorganic materials, using physical dry or wet methods.

A hierarchically ordered structure of submicrometric or nanometric phosphate particles of at least one inorganic
cation, homogeneously deposited on the surface of a phyllosilicate.

The hierarchically ordered structure of submicrometric or nanometric particles according to claim 34, wherein the
inorganic phosphate particles precipitated and supported on the phyllosilicate have a size of less than 1 micrometre.

The hierarchically ordered structure of submicrometric or nanometric particles according to any one of claims 34 or
35, wherein the inorganic phosphate cation is selected from the group consisting of Al, Zn, Cd, Fe, Sn, Mn, Ni, Co,
B, Sb, W, Mo, Zr, Cu, Ga, In, Be, Mg, Ca, Sr, Ba, NH,OH, Li, Na, K, Rb, Cs and mixtures thereof.

The hierarchically ordered structure of submicrometric or nanometric particles according to any one of claims 34 or
35, wherein the phyllosilicate is a 2:1 phyllosilicate type with laminar or acicular morphology, selected from a dioc-
tahedral smectite, trioctahedral smectite, sepiolite, attapulgite or a mixture thereof.

The hierarchically ordered structure of submicrometric or nanometric particles according to any one of claims 34 or
35, wherein the ratio by weight of inorganic phosphate and phyllosilicate in the hierarchically ordered structure
ranges from 70 parts by weight of inorganic phosphate and 30 parts by weight of phyllosilicate to 30 parts by weight
of inorganic phosphate and 70 parts by weight of phyllosilicate.

The hierarchically ordered structure of submicrometric or nanometric particles according to any one of claims 34 or
35, wherein the average size of the phyllosilicate particles is less than 150 micrometres and that of the inorganic

phosphate particles precipitated and supported on the phyllosilicate is less than 1 micrometre.

A modified hierarchically ordered structure of submicrometric or nanometric particles, comprising a hierarchically
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ordered structure defined in any one of claims 34 to 39, wherein the particles are bound to an organic modifier or
coupling agent.

The modified hierarchically ordered structure of submicrometric or nanometric particles according to claim 40,
wherein the organic modifier agent used is selected from the group consisting of quaternary ammonium salts,
quaternary phosphonium salts, polyaminates, polyglycols, silicon oils, polydimethylsiloxanes, organo-metal com-
pounds, amines and polyamines and any combination thereof.

The hierarchically ordered structure of submicrometric or nanometric particles according to any one of claims 34,
35 and 40, wherein the inorganic phosphate precipitated and supported on the phyllosilicate in the hierarchically
ordered or modified hierarchically ordered structure is selected from the group comprising:

- aluminium phosphate,

- monobasic aluminium phosphate,
- dibasic aluminium phosphate,

- and any combination thereof.

The hierarchically ordered structure of submicrometric or nanometric particles according to any one of claims 34,
35 and 40, wherein the phyllosilicate of the hierarchically ordered or modified hierarchically ordered structure is
sepiolite.

The hierarchically ordered structure of submicrometric or nanometric phosphate particles homogenously deposited
and supported on the surface of a phyllosilicate according to any one of claims 34 and 35 to 43, characterised in
that it is produced by the method defined in any one of claims 1 to 33.

A composition comprising a hierarchically ordered structure of submicrometric or nanometric particles defined in
any one of claims 34 to 44.

The composition according to claim 45, characterised in that it comprises one or more polymers selected from
thermoplastics, thermosetters and elastomers.

The composition according to claim 45, characterised in that it comprises between 2 % and 40 % by weight of the
hierarchically ordered or modified hierarchically ordered structure.

Use of the hierarchically ordered structure defined in any one of claims 34 to 39 or of the modified hierarchically
ordered structure defined in any one of claims 40 to 44 or of a composition comprising thereof, in order to provide
the organic materials, preferably polymeric and elastomeric materials, with flame resistant and ceramification prop-
erties, in the event of fire.

Patentanspriiche

1.

2,

Verfahren zum Herstellen von hierarchisch geordneten Strukturen von submikrometrischen oder nanometrischen
anorganischen Phosphatteilchen, die auf der Oberflache eines Phyllosilicats homogen abgeschieden und verteilt
sind, dadurch gekennzeichnet, dass es die folgenden Schritte umfasst:

a) Erhalten einer Saureldésung von Vorlauferverbindungen eines anorganischen Phosphats,

b) Herstellen einer Dispersion von Teilchen eines Phyllosilicats in wassrigem Medium und Ansduern der Phyl-
losilicatdispersion durch Zugeben von wenigstens einer Saure, wodurch eine Sauredispersion erhalten wird,
c) Mischen der in Schritt a) erhaltenen Saurelésung mit der in Schritt b) erhaltenen Dispersion,

d) unter Rihren Zugeben einer Base zu der in Schritt c) erhaltenen Mischung, bis ihr pH bis auf den Wert erhdht
ist, der fur das Ausféllen des entsprechenden anorganischen Phosphats in der Form von submikrometrischen
oder nanometrischen Teilchen, die auf den Phyllosilicatteilchen homogen verteilt sind, erforderlich ist.

Verfahren gemafR Anspruch 1, wobei die Saurelésung der Vorlauferverbindungen eines anorganischen Phosphats

durch Auflésen der Vorlauferverbindung von wenigstens einem Kation in einer Saurelésung, die wenigstens Phos-
phorsaure umfasst, erhalten wird.
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Verfahren gemafR Anspruch 1, wobei die Saurelésung der Vorlauferverbindungen eines anorganischen Phosphats
gemal Schritt a) erhalten wird durch:

a1l) Ausfallen einer Lésung oder Dispersion einer Verbindung von wenigstens einem Vorlduferkation des an-
organischen Phosphats, und

a2) Zugeben einer Saureldsung, die wenigstens Phosphorsédure umfasst, zu der in Schritt a1) hergestellten
Lésung oder Dispersion.

Verfahren gemafR einem der Anspriiche 1 bis 3, welches ferner den folgenden Schritt nach Schritt d) umfasst:

e) Abtrennen der hierarchisch geordneten Struktur von homogen verteilten submikrometrischen oder nanome-
trischen anorganischen Phosphatteilchen, die auf der Phyllosilicatoberflache aufgetragen sind, von der wass-
rigen Dispersion mittels eines Fest/Flissig-Trennverfahrens, anschlieRend Waschen der hierarchisch geord-
neten Struktur mit Wasser, um nicht ausgefallie Reagenzien in Ldsung zu entfernen.

Verfahren gemaR einem der Anspriiche 1 bis 4, welches ferner den folgenden Schritt nach Schritt d) oder e) umfasst:
f) Zugeben eines organischen Modifikationsmittels oder Haftvermittlers, um die Oberflache der hierarchisch
geordneten Struktur von homogen verteilten submikrometrischen oder nanometrischen anorganischen Phos-
phatteilchen, die auf der Phyllosilicatoberflache aufgetragen sind, zu organophilisieren.

Verfahren gemaf einem der Anspriiche 4 oder 5, wobei die Fest/Flissig-Trennung der hierarchisch geordneten

Struktur mittels Zentrifugation oder Filtern unter Verwendung einer Filteranlage, ausgewahlt aus einer Filterpresse,

Druckbandfiltern, Vakuumbandfiltern, Vakuumrotationsfiltern und Nutschenfiltern, durchgefihrt wird.

Verfahren gemaf einem der Anspriiche 1 bis 6, welches ferner den folgenden Schritt nach Schritt d), e) oder f)
umfasst:

g) Eliminieren von restlichem Wasser oder Feuchtigkeit, das bzw. die in der hierarchisch geordneten Struktur
Uibriggeblieben ist, mittels Trocknen bei Atmospharendruck, unter niedrigem Druck oder in einem Vakuum.

Verfahren gemaR Anspruch 7, welches ferner den folgenden Schritt nach Schritt g) umfasst:

h) Mahlen oder Desagglomerieren der getrockneten hierarchisch geordneten Struktur, um ein pulverisiertes
Produkt zu erhalten.

Verfahren gemaf einem der Anspriiche 1 bis 6, welches ferner den folgenden Schritt nach Schritt €) oder f) umfasst:

i) gleichzeitiges Mahlen und Trocknen der hierarchisch geordneten Struktur unter Verwendung eines Prallm{hle-
Trockners.

Verfahren gemaf einem der Anspriiche 1 bis 9, wobei das Kation des anorganischen Phosphats ausgewahlt ist
aus der Gruppe bestehend aus Al, Zn, Cd, Fe, Sn, Mn, Ni, Co, B, Sb, W, Mo, Zr, Cu, Ga, In, Be, Mg, Ca, Sr, Ba,
NH4OH, Li, Na, K, Rb, Cs und Mischungen davon.

Verfahren gemaf einem der Anspriiche 1 bis 10, wobei das Molverhaltnis von anorganischem Kation/Phosphorséure
im Bereich zwischen 5:1 bis 1:1,2 liegt.

Verfahren gemaf einem der Anspriiche 1 bis 11, wobei das Phyllosilicat ein 2:1-Phyllosilicat-Typ mit laminarer oder
nadelférmiger Morphologie ist.

Verfahren gemafR Anspruch 12, wobei der 2:1-Phyllosilicat-Typ ein dioktaedrischer Smektit, trioktaedrischer Smektit,
Sepiolith, Attapulgit oder eine Mischung davon ist.

Verfahren gemaR Anspruch 13, wobei der Smektit von der Montmorillonit-, Saponit-, Stevensit-, Beidellit-, Nontronit-
oder Hectorit-Varietat oder eine Mischung davon ist.

Verfahren gemafR Anspruch 13, wobei der Sepiolith ein Sepiolith rheologischer Qualitat ist.
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Verfahren gemafR Anspruch 13, wobei der Attapulgit ein Attapulgit rheologischer Qualitat ist.

Verfahren gemaR einem der Anspriiche 1 bis 16, wobei die Dispersion des Phyllosilicats in wassrigem Medium in
Schritt b) eine Phyllosilicatkonzentration zwischen 1 und 25 Gew.-%, vorzugsweise zwischen 4 und 12 Gew.-%
aufweist.

Verfahren gemal einem der Anspriiche 1 bis 17, wobei der pH der Phyllosilicatdispersion in Schritt b) mit Saure
auf einen pH von weniger als 3 eingestellt wird.

Verfahren gemaR Anspruch 18, wobei die zum Einstellen des pH verwendete Saure eine organische oder anorga-
nische Saure, vorzugsweise eine anorganische Séure mit einem pK, von weniger als 4 ist.

Verfahren gemafl Anspruch 19, wobei die Saure ausgewahlt ist aus Phosphorsdure, Schwefelsdure, Chlorwasser-
stoffsdure, Salpetersdure und Mischungen davon.

Verfahren gemaf einem der Anspriiche 1 bis 20, wobei die Phyllosilicatdispersion in Schritt b) mit hoher Scherung,
vorzugsweise unter Verwendung von mechanischen Rihrern, bei denen die Umfangsgeschwindigkeit groRRer als
10 m/s ist, durchgefiihrt wird.

Verfahren gemaR einem der Anspriiche 1 bis 21, wobei das Gewichtsverhaltnis von anorganischem Phosphat/Phyl-
losilicat in der hierarchisch geordneten Struktur im Bereich von 70 Gewichtsteile anorganisches Phosphat und 30
Gewichtsteile Phyllosilicat bis 30 Gewichtsteile anorganisches Phosphat und 70 Gewichtsteile Phyllosilicat liegt,
wobei es vorzugsweise zwischen 60 Gewichtsteile anorganisches Phosphat und 40 Gewichtsteile Phyllosilicat und
40 Gewichtsteile anorganisches Phosphat und 60 Gewichtsteile Phyllosilicat variiert.

Verfahren gemal einem der Anspriiche 1 bis 22, wobei die Phyllosilicatteilchen eine mittlere Gréf3e von weniger
als 150 Mikrometer, vorzugsweise eine mittlere TeilchengréRe von weniger als 45 Mikrometer und noch mehr
bevorzugt von weniger als 10 Mikrometer aufweisen.

Verfahren gemaf einem der Anspriiche 1 bis 23, wobei das organische Modifikationsmittel, das in Schritt f) verwendet
wird, ausgewabhlt ist aus der Gruppe bestehend aus quartaren Ammoniumsalzen, quartédren Phosphoniumsalzen,
Polyaminaten, Polyglycolen, Silicondlen, Polydimethylsiloxanen, Organometallverbindungen, Aminen und Polya-
minen und einer beliebigen Kombination davon.

Verfahren gemaf Anspruch 24, wobei die Organometallverbindung ausgewabhlt ist aus der Gruppe bestehend aus:

- Organosilanen, vorzugsweise 3-Aminopropyltriethoxysilan, 3-Aminopropyltrimethoxysilan, Vinyltriethoxysilan,
Vinyltrimethoxysilan, 3-Methacryloxypropyltrimethoxysilan, Methyltrimethoxysilan, Methyltriethoxysilan, 3-Mer-
captopropyltrimethoxysilan, Tetraethoxysilan, n-Octyltrimethoxysilan, n-Octyltriethoxysilan, n-Hexadecyltrime-
thoxysilan, N-2-Aminoethyl-3-aminopropyl-trimethoxysilan, 3-Glycidyloxypropyltrimethoxysilan, Alkylamintri-
methoxysilan, Acryloxypropyltrimethoxysilan, N-(2-Aminoethyl)-3-aminopropyl-methyl-dimethoxysilan, Ketimi-
nopropyltriethoxysilan, 3,4-Epoxycyclohexylethyltrimethoxysilan und Aminopropyltrimethoxysilan,

- Organotitanaten,

- Organozirconaten

- und einer beliebigen Kombination davon.

Verfahren gemaf Anspruch 24, wobei das quartdre Ammoniumsalz ausgewahlt ist aus der Gruppe bestehend aus:
Trimethylalkylammonium-, Dimethylbenzylalkylammonium-, Dimethyldialkylammonium-, Methylbenzyldialkylam-
monium-, Dimethylalkyl-2-ethylhexylammonium- und Methylalkyl-bis-2-hydroxyethylammoniumsalzen, wobei die
Alkylkette wenigstens 12 Kohlenstoffatome aufweist, welche entweder synthetischen oder nattirlichen Ursprungs
sind, wie etwa Talg oder hydrierter Talg; wobei das Phosphoniumsalz ausgewahilt ist aus der Gruppe bestehend
aus Trihexyl(tetradecyl)phosphonium-, Tributyl(tetradecyl)phosphonium-, Tetrabutylphosphonium- und Tetra-n-oc-
tylphosphoniumsalzen.

Verfahren gemaf einem der Anspriiche 1 bis 26, wobei das auf dem Phyllosilicat ausgefallte und aufgetragene
anorganische Phosphat in der hierarchisch geordneten Struktur ausgewahlt ist aus der Gruppe, umfassend:

- Aluminiumphosphat,
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- einbasisches Aluminiumphosphat,
- zweibasisches Aluminiumphosphat,
- und eine beliebige Kombination davon.

Verfahren gemal einem der Anspriiche 26 oder 27, wobei das Phyllosilicat der hierarchisch geordneten Struktur
Sepiolith ist.

Verfahren gemafl Anspruch 28, wobei das Verhaltnis der Aluminium/Sepiolith-Phosphate in der hierarchisch ge-
ordneten Struktur 50:50, bezogen auf das Gewicht, betragt.

Verfahren gemaf Anspruch 29, wobei die hierarchisch geordnete Struktur von Aluminium/Sepiolith-Phosphaten mit
einem Verhaltnis von 50:50, bezogen auf das Gewicht, oberflachlich mit einem quartdren Ammoniumsalz modifiziert
ist.

Verfahren gemaf Anspruch 30, wobei das quartdre Ammoniumsalz ein Dimethyl-di(hydrierter TalgJammoniumsalz
ist.

Verfahren gemaf Anspruch 31, wobei der Prozentsatz von Dimethyl-di(hydrierter Talg)ammoniumsalz zwischen
10 und 30 Gew.-%, bezogen auf das Gewicht der hierarchisch geordneten Struktur von Aluminium/Sepiolith-Phos-
phaten, betragt.

Verfahren gemal einem der Anspriiche 1 bis 9, wobei die hierarchisch geordnete Struktur mit anderen Teilchen
von organischen oder anorganischen Materialien unter Verwendung von physikalischen trockenen oder nassen
Verfahren vermischt wird.

Hierarchisch geordnete Struktur von submikrometrischen oder nanometrischen Phosphatteilchen von wenigstens
einem anorganischen Kation, homogen abgeschieden auf der Oberflache eines Phyllosilicats.

Hierarchisch geordnete Struktur von submikrometrischen oder nanometrischen Teilchen gemaR Anspruch 34, wobei
die anorganischen Phosphatteilchen, die auf dem Phyllosilicat ausgefallt und aufgetragen sind, eine GréRRe von
weniger als 1 Mikrometer aufweisen.

Hierarchisch geordnete Struktur von submikrometrischen oder nanometrischen Teilchen gemaf einem der Anspri-
che 34 oder 35, wobei das anorganische Phosphatkation ausgewahlt ist aus der Gruppe bestehend aus Al, Zn, Cd,
Fe,Sn,Mn, Ni, Co, B, Sb, W, Mo, Zr, Cu, Ga, In, Be, Mg, Ca, Sr,Ba, NH,OH, Li, Na, K, Rb, Cs und Mischungen davon.

Hierarchisch geordnete Struktur von submikrometrischen oder nanometrischen Teilchen gemaf einem der Anspri-
che 34 oder 35, wobei das Phyllosilicat ein 2:1-Phyllosilicat-Typ mit laminarer oder nadelférmiger Morphologie ist,
ausgewahlt aus einem dioktaedrischen Smektit, trioktaedrischen Smektit, Sepiolith, Attapulgit oder einer Mischung
davon.

Hierarchisch geordnete Struktur von submikrometrischen oder nanometrischen Teilchen gemaf einem der Anspri-
che 34 oder 35, wobei das Gewichtsverhaltnis von anorganischem Phosphat und Phyllosilicat in der hierarchisch
geordneten Struktur im Bereich von 70 Gewichtsteile anorganisches Phosphat und 30 Gewichtsteile Phyllosilicat
bis 30 Gewichtsteile anorganisches Phosphat und 70 Gewichtsteile Phyllosilicat liegt.

Hierarchisch geordnete Struktur von submikrometrischen oder nanometrischen Teilchen gemaf einem der Anspri-
che 34 oder 35, wobei die mittlere GréRRe der Phyllosilicatteilchen weniger als 150 Mikrometer betragt und die der
auf dem Phyllosilicat ausgefallten und aufgetragenen anorganischen Phosphatteilchen weniger als 1 Mikrometer
betragt.

Modifizierte hierarchisch geordnete Struktur von submikrometrischen oder nanometrischen Teilchen, umfassend
eine hierarchisch geordnete Struktur, die in einem der Anspriiche 34 bis 39 definiert ist, wobei die Teilchen an ein
organisches Modifikationsmittel oder einen Haftvermittler gebunden sind.

Modifizierte hierarchisch geordnete Struktur von submikrometrischen oder nanometrischen Teilchen gemaR An-

spruch 40, wobei das verwendete organische Modifikationsmittel ausgewahlt ist aus der Gruppe bestehend aus
quartdren Ammoniumsalzen, quartdren Phosphoniumsalzen, Polyaminaten, Polyglycolen, Siliconélen, Polydime-
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thylsiloxanen, Organometallverbindungen, Aminen und Polyaminen und einer beliebigen Kombination davon.

Hierarchisch geordnete Struktur von submikrometrischen oder nanometrischen Teilchen gemaf einem der Anspri-
che 34, 35 und 40, wobei das auf dem Phyllosilicat ausgefallte und aufgetragene anorganische Phosphat in der
hierarchisch geordneten oder modifizierten hierarchisch geordneten Struktur ausgewahlt ist aus der Gruppe, um-
fassend:

- Aluminiumphosphat,

- einbasisches Aluminiumphosphat,

- zweibasisches Aluminiumphosphat,

- und eine beliebige Kombination davon.

Hierarchisch geordnete Struktur von submikrometrischen oder nanometrischen Teilchen gemaf einem der Anspri-
che 34, 35 und 40, wobei das Phyllosilicat der hierarchisch geordneten oder modifizierten hierarchisch geordneten
Struktur Sepiolith ist.

Hierarchisch geordnete Struktur von submikrometrischen oder nanometrischen Phosphatteilchen, die auf der Ober-
flache eines Phyllosilicats homogen abgelagert und aufgetragen sind, gemaR einem der Anspriiche 34 und 35 bis
43, dadurch gekennzeichnet, dass sie durch das in einem der Anspriiche 1 bis 33 definierte Verfahren hergestellt
ist.

Zusammensetzung, umfassend eine hierarchisch geordnete Struktur von submikrometrischen oder nanometrischen
Teilchen, die in einem der Anspriiche 34 bis 44 definiert ist.

Zusammensetzung gemal Anspruch 45, dadurch gekennzeichnet, dass sie ein oder mehrere Polymere, ausge-
wahlt aus Thermoplasten, Duroplasten und Elastomeren, umfasst.

Zusammensetzung gemaR Anspruch 45, dadurch gekennzeichnet, dass sie zwischen 2 und 40 Gew.-% der
hierarchisch geordneten oder modifizierten hierarchisch geordneten Struktur umfasst.

Verwendung der hierarchisch geordneten Struktur, die in einem der Anspriiche 34 bis 39 definiert ist, oder der
modifizierten hierarchisch geordneten Struktur, die in einem der Anspriiche 40 bis 44 definiert ist, oder einer Zu-
sammensetzung, welche diese umfasst, um die organischen Materialien, vorzugsweise polymere und elastomere
Materialien, mit Flammbestandigkeits- und Keramifizierungseigenschaften im Falle eines Feuers zu versehen.

Revendications

1.

Procédé de préparation de structures hiérarchiquement ordonnées de particules de phosphate inorganique submi-
croniques ou nanométriques déposées et distribuées sur la surface d’'un phyllosilicate, caractérisé en ce qu’il
comprend les étapes suivantes :

a) I'obtention d’une solution acide de composés précurseurs d’'un phosphate inorganique,

b) la préparation d’une dispersion de particules de phyllosilicate dans un milieu aqueux et I'acidification de la
dispersion de phyllosilicate par ajout d’au moins un acide, pour obtenir ainsi une dispersion acide,

c) le mélange de la solution acide obtenue a I'étape a) avec la dispersion obtenue a I'étape b)

d) sous agitation, I'ajout d’'une base au mélange obtenu a I'étape c) jusqu’a élévation du pH a une valeur requise
pour précipiter le phosphate inorganique correspondant, sous la forme de particules submicroniques ou nano-
métriques distribuées de maniere homogene sur les particules de phyllosilicate.

Procédé selon la revendication 1, dans lequel la solution acide des composés précurseurs d’'un phosphate inorga-
nique est obtenue par dissolution du composé précurseur constitué d’au moins un cation dans une solution acide

comprenant au moins de I'acide phosphorique.

Procédé selon la revendication 1, dans lequel la solution acide des composés précurseurs d’'un phosphate inorga-
nique selon I'étape a) est obtenue par :

a1l) précipitation d’'une solution ou d’'une dispersion d’'un composé constitué d’au moins un cation précurseur
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du phosphate inorganique, et
a2) ajout d’une solution acide comprenant au moins de I'acide phosphorique a la solution ou a la dispersion
préparée a I'étape a1).

Procédé selon 'une quelconque des revendications 1 a 3, qui comprend en outre I'étape suivante aprés I'étape d) :

e) la séparation de la structure hiérarchiquement ordonnée des particules de phosphate inorganique submi-
croniques ou nanomeétriques distribuées de maniére homogene, supportées sur la surface du phyllosilicate de
la dispersion aqueuse au moyen d’un procédé de séparation solide/liquide, puis le lavage de la structure hié-
rarchiquement ordonnée a I'eau afin d’en éliminer les réactifs dans une solution non précipitée.

Procédé selon I'une quelconque des revendications 1 a 4, qui comprend en outre I'étape suivante apres I'étape d)
oue):

f) I'ajout d’'un modificateur organique ou d’'un agent de couplage, afin d’'organophiliser la surface de la structure
hiérarchiquement ordonnée des particules de phosphate inorganique submicroniques ou nanométriques dis-
tribuées de maniére homogéne supportées sur la surface du phyllosilicate.

Procédé selon I'une quelconque des revendications 4 ou 5, dans lequel la séparation solide/liquide de la structure
hiérarchiguement ordonnée est effectuée par centrifugation ou filtration a I'aide d’'un équipement de filtration choisi
parmi un filtre-presse, des filtres a bandes presseuses, des filtres a bandes sous vide, des filtres rotatifs sous vide
et des filtres Nucha.

Procédé selon I'une quelconque des revendications 1 a 6, qui comprend en outre I'étape suivante apres I'étape d),
e)ouf):

g) I'élimination de I'eau résiduelle ou de 'humidité subsistant dans la structure hiérarchiquement ordonnée, au
moyen d’'un séchage a pression atmosphérique, sous basse pression ou dans un vide.

Procédé selon la revendication 7, qui comprend en outre |'étape suivante aprés I'étape g):

h) le broyage ou la désagglomération de la structure hiérarchiquement ordonnée séchée, afin d’obtenir un
produit pulvérulent.

Procédé selon I'une quelconque des revendications 1 a 6, qui comprend en outre I'étape suivante apres I'étape e)

ouf):

i) le broyage et le séchage simultanés de la structure hiérarchiquement ordonnée a I'aide d’'un broyeur-sécheur
a impact.

Procédé selon 'une quelconque des revendications 1 a 9, dans lequel le cation phosphate inorganique est choisi
dans le groupe constitué par les cations Al, Zn, Cd, Fe, Sn, Mn, Ni, Co, B, Sb, W, Mo, Zr, Cu, Ga, In, Be, Mg, Ca,
Sr, Ba, NH,OH, Li, Na, K, Rb, Cs et leurs mélanges.

Procédé selon 'une quelconque des revendications 1 a 10, dans lequel le rapport molaire cation inorganique/acide
phosphorique est dans la plage de 5:1 a 1:1,2.

Procédé selon 'une quelconque des revendications 1 a 11, dans lequel le phyllosilicate est de type phyllosilicate
2:1 a morphologie lamellaire ou aciculaire.

Procédé selon la revendication 12, dans lequel le type phyllosilicate 2:1 est une smectite dioctaédre, une smectite
trioctaédre, une sépiolite, une attapulgite ou un mélange de celles-ci.

Procédé selon la revendication 13, dans lequel la smectite est de la variété montmorrillonite, saponite, stévensite,
beidellite, nontronite ou hectorite ou un mélange de celles-ci.

Procédé selon la revendication 13, dans lequel la sépiolite est une sépiolite de qualité rhéologique.
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Procédé selon la revendication 13, dans lequel I'attapulgite est une attapulgite de qualité rhéologique.

Procédé selon I'une quelconque des revendications 1 a 16, dans lequel la dispersion de phyllosilicate dans un milieu
aqueux a I'étape b) a une concentration de phyllosilicate comprise entre 1 et 25 % en poids, de préférence entre 4
et 12 % en poids.

Procédé selon 'une quelconque des revendications 1 a 17, dans lequel le pH de la dispersion de phyllosilicate a
I'étape b) est ajusté avec un acide a un pH inférieur a 3.

Procédé selon larevendication 18, dans lequel I'acide utilisé pour ajuster le pH est un acide organique ou inorganique,
de préférence un acide inorganique ayant une valeur pK, inférieure a 4.

Procédé selon la revendication 19, dans lequel I'acide est choisi parmi I'acide phosphorique, I'acide sulfurique,
I'acide chlorhydrique, I'acide nitrique et leurs mélanges.

Procédé selon 'une quelconque des revendications 1 a 20, dans lequel la dispersion de phyllosilicate a I'étape b)
est préparée sous fort cisaillement, de préférence a I'aide d’agitateurs mécaniques, dont la vitesse périphérique est
supérieure a 10 m/s.

Procédé selon I'une quelconque des revendications 1 a 21, dans lequel le rapport en poids phosphate inorgani-
que/phyllosilicate dans la structure hiérarchiquement ordonnée est dans la plage de 70 parties en poids de phosphate
inorganique et 30 parties en poids de phyllosilicate a 30 parties en poids de phosphate inorganique et 70 parties
en poids de phyllosilicate, de préférence variant entre 60 parties en poids de phosphate inorganique et 40 parties
en poids de phyllosilicate et 40 parties en poids de phosphate inorganique et 60 parties en poids de phyllosilicate.

Procédé selon I'une quelconque des revendications 1 a 22, dans lequel les particules de phyllosilicate ont une taille
moyenne inférieure a 150 micromeétres, de préférence, une taille de particule moyenne inférieure a 45 micromeétres
et mieux encore, inférieure a 10 micrométres.

Procédé selon I'une quelconque des revendications 1 a 23, dans lequel I'agent modificateur organique utilisé a
I'étape f) est choisi dans le groupe constitué par les sels dammonium quaternaires, les sels de phosphonium
quaternaires, les polyaminates, les polyglycols, les huiles de silicone, les polydiméthylsiloxanes, les composés
organomeétalliques, les amines et polyamines, et une combinaison quelconque de ceux-ci.

Procédé selon larevendication 24, dans lequel le composé organométallique est choisi dans le groupe constitué par :

- les organo-silanes, de préférence, le 3-aminopropyl-triéthoxysilane, 3-aminopropyltriméthoxysilane, vinyl-trié-
thoxysilane, vinyltriméthoxysilane, 3-méthacryloxypropyl-triméthoxysilane, méthyltriméthoxysilane, méthyltrié-
thoxy-silane, 3-mercaptopropyltriméthoxysilane, tétraéthoxysilane, n-octyltriméthoxysilane, n-octyltriéthoxysi-
lane, n-hexadécyl-triméthoxysilane, N-2-aminoéthyl-3-aminopropyltriméthoxysilane, 3-glycidyloxypropyltrimé-
thoxysilane, alkylamine triméthoxysilane, acryloxypropyltriméthoxysilane, N-(2-aminoéthyl)-3-aminopropylmé-
thyldiméthoxysilane, cétimino-propyltriéthoxysilane, 3,4-époxycyclohexyléthyltriméthoxy-silane et aminopro-
pyltriméthoxysilane,

- les organotitanates,

- les organozirconates

- et une combinaison quelconque de ceux-ci.

Procédé selon la revendication 24, dans lequel le sel d’'ammonium quaternaire est choisi dans le groupe constitué
par : les sels de triméthylalkylammonium, diméthylbenzyl-alkylammonium, diméthyldialkylammonium, méthylben-
zyldialkyl-ammonium, diméthylalkyl-2-éthylhexylammonium et méthylalkyl-bis-2-hydroxyéthylammonium, ou la
chaine alkyle a au moins 12 atomes de carbone, qui sont soit synthétiques, soit d’origine naturelle, tels que le suif
ou suif hydrogéné ; le sel de phosphonium est choisi dans le groupe constitué par les sels de trihexyl-(tétradé-
cyl)phosphonium, tributyl-(tétradécyl)phosphonium, tétrabutylphosphonium et tétra-n-octylphosphonium.

Procédé selon I'une quelconque des revendications 1 a 26, dans lequel le phosphate inorganique précipité et
supporté sur le phyllosilicate dans la structure hiérarchiquement ordonnée est choisi dans le groupe comprenant :

- le phosphate d’aluminium,
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- le phosphate d’aluminium monobasique,
- le phosphate d’aluminium dibasique,
- et une combinaison quelconque de ceux-ci.

Procédé selon 'une quelconque des revendications 26 ou 27, dans lequel le phyllosilicate de la structure hiérarchi-
quement ordonnée est la sépiolite.

Procédé selon la revendication 28, dans lequel la proportion de phosphates d’aluminium/sépiolite dans la structure
hiérarchiquement ordonnée est de 50:50 en poids.

Procédé selon la revendication 29, dans lequel la structure hiérarchiquement ordonnée de type phosphates d’alu-
minium/sépiolite dans un rapport de 50:50 en poids est modifiée superficiellement a I'aide d’'un sel d’ammonium
quaternaire.

Procédé selon la revendication 30, dans lequel le sel dammonium quaternaire est un sel de diméthyl-di(suif hydro-
géné)ammonium.

Procédé selon la revendication 31, dans lequel le pourcentage de sel de diméthyl-di(suif hydrogéné)ammonium est
compris entre 10 % et 30 % en poids par rapport au poids de la structure hiérarchiquement ordonnée de type
phosphates d’aluminium/sépiolite.

Procédeé selon I'une quelconque des revendications 1 a 9, dans lequel la structure hiérarchiquement ordonnée est
mélangée a d’autres particules a base de matieres organiques ou inorganiques, par des procédés physiques par
voie séche ou humide.

Structure hiérarchiguement ordonnée de particules de phosphate submicroniques ou nanométriques constituées
d’au moins un cation inorganique, déposées de maniére homogéne sur la surface d’un phyllosilicate.

Structure hiérarchiguement ordonnée de particules submicroniques ou nanométriques selon la revendication 34,
dans laquelle les particules de phosphate inorganique précipitées et supportées sur le phyllosilicate ont une taille
inférieure a 1 micrometre.

Structure hiérarchiquement ordonnée de particules submicroniques ou nanométriques selon I'une quelconque des
revendications 34 ou 35, dans laquelle le cation phosphate inorganique est choisi dans le groupe constitué par les
cations Al, Zn, Cd, Fe, Sn, Mn, Ni, Co, B, Sb, W, Mo, Zr, Cu, Ga, In, Be, Mg, Ca, Sr, Ba, NH,OH, Li, Na, K, Rb, Cs
et leurs mélanges.

Structure hiérarchiquement ordonnée de particules submicroniques ou nanométriques selon I'une quelconque des
revendications 34 ou 35, dans laquelle le phyllosilicate est de type phyllosilicate 2:1 a morphologie lamellaire ou
aciculaire, choisi parmi une smectite dioctaédre, une smectite trioctaédre, une sépiolite, une attapulgite ou un
mélange de celles-ci.

Structure hiérarchiquement ordonnée de particules submicroniques ou nanométriques selon I'une quelconque des
revendications 34 ou 35, dans laquelle le rapport en poids phosphate inorganique/phyliosilicate dans la structure
hiérarchiguement ordonnée est dans la plage de 70 parties en poids de phosphate inorganique et 30 parties en
poids de phyllosilicate a 30 parties en poids de phosphate inorganique et 70 parties en poids de phyllosilicate.

Structure hiérarchiquement ordonnée de particules submicroniques ou nanométriques selon I'une quelconque des
revendications 34 ou 35, dans laquelle |a taille moyenne des particules de phyllosilicate est inférieure a 150 micro-
metres et celle des particules de phosphate inorganique précipitées et supportées sur le phyllosilicate est inférieure
a 1 micromeétre.

Structure hiérarchiqguement ordonnée modifiée de particules submicroniques ou nanométriques, comprenant une
structure hiérarchiguement ordonnée définie dans I'une quelconque des revendications 34 a 39, dans laquelle les

particules sont liées a un modificateur organique ou a un agent de couplage.

Structure hiérarchiguement ordonnée modifiée de particules submicroniques ou nanométriques selon la revendi-
cation 40, dans laquelle I'agent modificateur organique utilisé est choisi dans le groupe constitué par les sels
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d’ammonium quaternaires, les sels de phosphonium quaternaires, les polyaminates, les polyglycols, les huiles de
silicone, les polydiméthylsiloxanes, les composés organométalliques, les amines et polyamines, et une combinaison
quelconque de ceux-ci.

Structure hiérarchiquement ordonnée de particules submicroniques ou nanométriques selon I'une quelconque des
revendications 34, 35 et 40, dans laquelle le phosphate inorganique précipité et supporté sur le phyllosilicate dans
la structure hiérarchiquement ordonnée ou la structure hiérarchiquement ordonnée modifiée est choisi dans le
groupe comprenant :

- le phosphate d’aluminium,

- le phosphate d’aluminium monobasique,

- le phosphate d’aluminium dibasique,

- et une combinaison quelconque de ceux-ci.

Structure hiérarchiquement ordonnée de particules submicroniques ou nanométriques selon I'une quelconque des
revendications 34, 35 et 40, dans laquelle le phyllosilicate de la structure hiérarchiquement ordonnée ou de la
structure hiérarchiguement ordonnée modifiée est la sépiolite.

Structure hiérarchiquement ordonnée de particules de phosphate submicroniques ou nanométriques déposées de
maniére homogéne et supportées sur la surface d’'un phyllosilicate selon 'une quelconque des revendications 34
et 35 a 43, caractérisée en ce qu’elle est produite par le procédé défini dans I'une quelconque des revendications
1a33.

Composition comprenant une structure hiérarchiquement ordonnée de particules submicroniques ou nanométriques
définie dans I'une quelconque des revendications 34 a 44.

Composition selon la revendication 45, caractérisée en ce qu’elle comprend un ou plusieurs polymeres choisis
parmi les thermoplastiques, les thermodurcissables et les élastomeéres.

Composition selon la revendication 45, caractérisée en ce qu’elle comprend entre 2 % et 40 % en poids de la
structure hiérarchiguement ordonnée ou de la structure hiérarchiquement ordonnée modifiée.

Utilisation de la structure hiérarchiquement ordonnée définie dans I'une quelconque des revendications 34 a 39 ou
de la structure hiérarchiquement ordonnée modifiée définie dans I'une quelconque des revendications 40 a 44 ou
d’'une composition la contenant, pour conférer a des matiéres organiques, de préférence a des matiéres polymeéres
et élastoméres, des propriétés d’ignifugation et de céramification, en cas d’incendie.
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